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(57) Abstract 

Each well insert (12) has a side wall (19) which defines an insert well (12) which is closed at its base by a porous membrane (22). A 
flange (24) is provided at the upper edge of the side wall (19) which engages with the upper edges of the wells of a conventional miciotitre 
plate (10). The well inserts may have a cmnmon flange member defining a strip of well inserts for cooperation with a row of wells (13) in 
the microtitre plate (10). The strip of weU inserts (12) is particularly suited to automated test procedures where groups of well inserts (12) 
may be conveniently handled together. 
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WELL INSERTS FOR USE IN TISSUE rifLTrfRK 

This invention relates to well inserts 
intended primarily for use in conjunction with 
microti tre plates in cell and tissue culture. 
5 Animal cell cultures are frequently grown 

in-vitro using a range of different types of container 
such as bottles or tubes made from either glass or 
plastic which may be treated for tissue culture 
applications. For more specialised biological, 
10 biochemical, histological or immunological procedures, 
animal cell cultures may be grown in small volumes of 
growth medium within containers referred to as tissue 
culture inserts: A typical example of this product is 
cited in U.S. Patent 4,963,490. The base of the tissue 
15 culture insert is composed of a thin porous membrane 
which may be either inorganic or polymeric, e.g. 
alumina or polycarbonate. The growth medium containing 
the animal cell culture is placed within the insert. 
This insert is then placed within an outer chamber also 
20 containing a set volume of growth medium, the cells are 
cultured on the upper surface of the porous membrane. 
One problem encountered with such an insert is that 
cells have a tendency to grow up the inner surface of 
the side wall of the insert and interfere with the 
25 monolayer of cells formed on the membrane. 

For some techniques such as studies of cell 
to cell interactions, one type of cell culture can be 
grown on the upper membrane surface and another cell 
type can be grown on either the lower membrane surface 
30 the bottom surface of the outer chamber; the two 

cultures being separated by the porous membrane {cc^ 
cultivation) . 

Where multiple numbers of tests are required 
a microtitre plate format is often used for cell 
35 growth. The standard format is a one-piece moulding 
providing an array of 96 wells arranged in 12 columns 
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of 8 wells. The internal diameter of each well is 
typically 7min, the depth varies between 10- 12mm and the 
overall size of the plate is 125mm x 85mm. 

The flat bottom walls of these wells are 
5 moulded integrally with the whole plate from a plastics 
material and are non-porous. These wells contain the 
growth medium, and animal cells are grown on the bottom 
walls of the wells. 

The miniaturisation of tests which is 
10 possible with the use of these multiple-well microtitre 
plates is advantageous, in addition to reducing the 
bulk of the well array and the relative ease of 
transport of the array, in that: 

(i) tests can be miniaturised to reduce the cost 

15 of expensive materials e.g. growth medium, 

additives and assay chemicals, 
"(ii) multiple numbers of wells can be manually 

dosed with liquid simultaneously, 

(iii) automated equipment is available for rapid 
20 addition of liquids to individual wells 

either sequentially or simultaneously, and 

(iv) automated equipment is available for rapid 
analysis of test assays e.g. by UV 
spectrophotometry and fluorescence. 

25 However, these microtitre plates, used alone, 

have some disadvantages: 

(i) the lack of a porous growth support and 
barrier layer prevents their use to provide 

a) assays such as chemical transport studies 
30 or certain types of toxicology testing 

procedures (e.g. the Fluorescein leakage 
test) , and 

b) growth of two different cell types within 
the same well for co-cultivation of cells 

35 for cell-to-cell interaction studies. 

(ii) The majority of epithelial cells do not 
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differentiate or polarize on non-porous 
supports . 

(iii) Cells cannot be studied by electron 

microscopy. 

5 (iv) Adhered cells cannot be transferred between 

wells. 

According to the present invention in one 
aspect there is provided a well insert element for use 
with a microtitre plate, comprising a transparent side 

10 wall of f rusto-conical form having an outwardly 

projecting flange at its upper, larger diameter, end 
and having its base end closed by a porous inorganic or 
polymeric membrane, the periphery of which is sealed 
with respect to the side wall, anid means for spacing 

15 the side wall uniformly from a surrounding side wall of 
a well of a microtitre plate. 

In preferred forms, the invention provides an 
array of well insert elements for use with a microtitre 
plate, each well insert element comprising a trans-- 

20 parent side wall of f rusto-conical form having its base 
end closed by a porous inorganic or polymeric membrane, 
the periphery of which is sealed j^ith respect to the 
side wall and having an outwardly projecting flange at 
its upper, larger diameter, end, the flanges of the 

25 well insert elements merging together to form an 

integral support flange for the array, and the array 
further having means for spacing the side walls of the 
elements uniformly from surrounding side walls of 
respective cells of the microtitre plate. The support 

20 flange is arranged to support the array on a microtitre 
plate which provides an individual cell to receive 
a well insert element of the array. The array may 
conveniently be in the form of a strip providing, for 
example, a row of 8 insert elements in length and being 

25 a single insert element wide. 

Preferably, the internal diameter of the base 
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is in the range 3 . Omm to 4.5mm. Ideally the diameter 
is substantially 3.2mm. 

The invention also provides in combination a 
microtitre plate moulded from a plastics material and 
5 providing an array of individual wells which are 
arranged in rows and which are open at the top and 
closed at the bottom, a strip of well insert elements 
moulded from a plastics material and arranged to be 
suspended in respective wells of one of said rows, each 
10 of said insert elements being open at the top and 

having a f rusto-conical side wall defining an insert 
well which is closed at its lower end by an inorganic 
or polymeric porous membrane the periphery of which is 
sealed with respect to said side wall, the upper ends 
15 of said f rustd-conical side walls being formed 

integrally with a support flange which rests on the 
microtitre plate and which covers annular gaps formed 
between the side walls of the wells of the plate and 
the external surfaces of the side walls of the 
20 respective insert elements, and spacing means for 

spacing the side walls of the insert elements uniformly 
from the surrounding side walls of the respective wells 
of the plate. ^ 

The distance between the bottom of each well 
25 and the underside of the membrane of the insert element 
occupying the well is preferably in the range of O.Sram 
to 3mm. Ideally the distance is substantially 1mm. 

The invention will now be described in more 
detail with reference by way of example to the 
30 accompanying drawings in which: 

Figure 1 shows in sectional elevation a well 
insert element according to the invention in place over 
• a row of wells of a microtitre plate. 

Figure 2 is a plan view corresponding to 
35 Figure 1 but omitting the lid, and 

Figure 3 shows on a larger scale a single 
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well of the insert element. 

Referring to Figures 1 and 2 of the drawings, 
the microtitre plate 10 is an integral plastics 
moulding which is transparent in this instance and 
5 which provides an array of 96 wells arranged in twelve 
rows of eight wells. The well insert 11 has, arranged 
in a strip, eight insert elements 12 disposed in the 
individual wells 13 of one row of eight. 

Each well 13 has a substantially cylindrical 
10 side wall 14 and a bottom wall 15. The top wall 16 of 
the plate 10 is continuous along the periphery of the 
plate but is discontinuous between the wells, the side 
walls 14 of adjoining wells being interconnected by 
vertical webs 17 which terminate at 18, short of the 
15 top edges of the side walls 14. 

The well insert 11 (see also Figure 3) 
comprises a strip which is a transparent plastics 
moulding with the eight insert elements 12 forming the 
strip arranged so as to be centred in the respective 
20 wells 1 3 of a single row. Each well insert element has 
a f rusto-conical side wall 19 of substantially uniform 
thickness except at its lower end 20, which is rounded. 
A porous membrane 22,^'^made^ for example of alumina or 
polycarbonate, is sealed across the lower end of the 
side wall of the insert. An acute angle 23 is formed 
where the membrane joins the rounded end 20. An 
undercut region is thereby formed where the membrane 
meets the periphery of the side wall. The undercut 
region is effective in preventing cells growing up the 
inner surface of the side wall of the insert element 
beyond the upper surface of a monolayer of cells grown 
on the membrane . 

The well insert elements are joined together 
at their upper ends by a flange member 2 4 extending 
along the length of the row of insert elements. When 
in use the flange member 24 rests on the tops 25 of the 



25 



30 



35 
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side walls of the wells, which project a small distance 
above the level of the top wall 16 of the plate 10. 
This . arrangement prevents or reduces loss of liquid 
from the wells by evaporation and reduces the risk of 
5 well-to-well interference in the tests being carried 

out. A lid 26 (not shown in Figure 3) for the plate 10 
has a rib 27 on its underside which rests on the ends 
of the flange member 24. 

Small projections (not shown) are formed on 

10 the underside of the flange member adjacent its 

opposite ends beyond the outermost insert elements and 
engage in the annular gap between the sidewalls of the 
endmost wells and their insert elements. These 
projections serve to centralise all of the insert 

15 elements of the strip in their respective wells. 

In the illustrated construction the width of 
the flange member 24, which is one insert element wide, 
is small enough to allow a strip of insert elements to 
be located in each row of wells in the plate 10 with 

20 suitable clearances between adjoining strips to 

facilitate handling of the strips. With a conventional 
microtitre plate twelve separate strips of insert 
e l,e me n tsr. . ma y 't3xBX^^C3^&M^cXLS.e&^iiyik I tern a t i v e 1 y , the 
insert element may provide two or more rows of insert 

25 elements and in any desired form of array having regard 
to the spacing of the wells in the plate. In this way 
a plurality of separate strips or arrays of insert 
elements are provided for a single conventional 
microtitre plate. By providing a plurality of strips 

20 or arrays for use with a single microtitre plate, each 
strip or array may be used for a separate multiple test 
thereby making the organisation and management of the 
multiple tests easier and reducing the risk of error. 
Also, the automated handling of the individual strips 

35 or arrays is greatly simplified where the strips or 
arrays extend over a row of wells of the microtitre 
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plate since then the strip or array may be grasped at 
the edges of the plate. 

In a particular design of well insert strip 
according to the invention for use with one row of 8 
5 wells of a standard 96 well microtitre plate in which 
the wells are centred at intervals of 9mm ± 0.5mm and 
each well is substantially cylindrical, having internal 
diameters of 6.5m ± 0 . 5mra at its top and base ends, the 
top of the well being 0 • 5rara wider than the base end, 
10 the strip has a total length of 79mm and a width of 
8.8mm ± 0.1mm, the pitch spacing of the inserts 
corresponds to that of the wells, and each insert has a 
constant sidewall thickness of 0.8mm ± 0.1 mm, an 
internal diameter of 4ram ± 0.1 ram at the top and an 
15 internal diameter of 3.2ram ± O.lmra at the base. The 
internal diameter of the insert must be in the range 
3.00mm to 4.5mm so as to enable the base of the insert 
to be examined by optical microscopy. The meniscus 
produced by liquid in the well prevents proper use of a 
20 microscope in this manner when the internal diameter of 
the well is reduced below 3.0mm, The preferred range 
of distances between the underside of the membrane and 
V ' the uppesi^^rface of the base«Oifef thes^iwell is 0.5mm to 

3mm. Ideally, the distance is 1mm ± 0.1mm. Within 
25 this range of distances free diffusion of molecules 
from the lower well is enabled. This range of 
distances is also particularly suitable for co-culture 
where soluble mediators are able to freely diffuse 
between the two layers of cells which are physically 
30 separated. 

In a typical use of the plate and insert 
strip 11 a predetermined volume of a growth liquid is 
placed in each well, the insert strip 11 is lowered 
into the wells 13 and a predetermined volume of a 
35 growth medium suitable seeded with cells is placed in 
each well of the well insert. Growth of the cells to 



wo 94/28111 



- 8 - 



PCT/GB94/01192 



confluence is observed, and examined, by optical 
microscopy if desired. The insert strip 11 can be 
removed to enable washing and subsequent treatment of 
the cell growth in the wells of the insert by reagents 
5 or other treatment can be carried out in all of the 
wells of the insert simultaneously. Additionally or 
alternatively, cell growth on the bottom wall of the 
wells 13 may be examined and treated. 

As mentioned above, the bottom edge 20 of the 

10 side wall of the well insert to which the porous 

membrane is attached is designed to produce an acute 
angle between the insert wall and membrane, e.g. by use 
of a rounded profile. At the point of attachment of 
the membrane to the element wall, the resulting acute 

15 angle 23 discourages growth of cells up the side wall 
of the insert element, restricting cell growth to the 
membrane surface only. This is required to prevent 
interference with the layer of cells on the membrane 
surface. Continuation of growth from the membrane up 

20 the walls of the well can result in the confluent layer 
on the membrane being disturbed when cells slough from 
the walls. 

The strip 1 1 may be manufactured in a moulded 
plastic polymer material such as polystyrene, 

25 polycarbonate, polypropylene or similar material. The 
polymer may be non-pigmented to give a visually clear 
material or may contain a pigment to reduce optical 
clarity. An example is a black pigment which may be 
used to reduce stray fluorescent light when using 

30 sensitive types of analytical detectors. 

The length of the flange member is selected 
to be long enough to enable the strip to be manually 
removed easily from the microtitre plate, but short 
enough to enable the lid of the microtitre ..plate to be 

35 fitted over the well inserts. 79mm ± 0.25mra has been 
found to be a good length for these purposes. 
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In one example the well insert has a capacity 
of 75 microlitres for the addition of growth medium. 
Maintaining the internal diameter of the lower end of 
the side wall at a value greater than 3.0mm, allows the 
5 growth medium to be introduced within the well insert 
without an air-lock forming over the base of the well 
insert below the growth medium. Such an air-lock can 
be difficult to remove and tends to interfere with 
proper functioning of the device • A volume of 150 to 

10 200 microlitres of growth medium is required in the 
well of the microtitre plate in the presence of the 
insert element. Maintaining the external diameter of 
the base of the well insert to less than 5.6mm 
prevents an air-lock forming on the underside of the 

15 well insert element, within the growth medium on 

addition of the well insert element to the microtitre 
well. Such an air-lock causes displacement of growth 
medium from the microtitre well^ prevents proper 
functioning of the device and can also result in 

20 cross-contamination of growth medium within adjacent 

wells. These measures combined with the provision for 
a uniform gap between the side wall of the insert and 
the wall of the microtitre well allows proper venting 
of excess air from the well insert element and 

25 microtitre well. 



30 



35 
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CLAIMS 

1 . A well insert element for use with a 

microtitre plate, comprising a transparent side wall of 
5 frus to-conical form having an outwardly projecting 
flange at its upper, larger diameter, end and having 
its base end closed by a porous membrane, the periphery 
of which is sealed with respect to the side wall, and 
means for spacing the side wall uniformly from a 
10 surrounding side wall of a well of a microtitre plate. 

2. A well insert element as claimed in claim 1, 
wherein the internal diameter of the lower end of the 
side wall is substantially 3.2mm. 

3. ^ A well insert element as claimed in claim 1 
-|5 or claim 2, wherein said means for spacing the side 

wall of the element uniformly from a surrounding side 
wall of a well of a microtitre plate comprises 
projections formed on the underside of the support 
flange and/or on the radially outer surface of the side 
20 wall of the well insert element. 

4. A well insert element as claimed in any one 
of claims 1 to 3, wherein the inner surface of the side 
wall of the well insert element forms an acute angle to 
the plane of the porous membrane thereby providing an 

25 undercut region where the side wall of the well insert 
element joins the porous membrane. 

5. An array of well insert elements for use with 
a microtitre plate, each well insert element comprising 
a transparent side wall of f rusto-conical form having 

30 its base end closed by a porous inorganic or polymeric 
membrane, the periphery of which is sealed with respect 
to the side wall and having an outwardly projecting 
flange at its upper, larger diameter, end, the flanges 
of the well insert elements merging together to form an 

35 integral support flange for the array, and the array 
further having means for spacing the side walls of the 
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elements uniformly from surrounding side walls of 
respective cells of the microtitre plate. 

6. An array as claimed in claim 2, wherein the 
array is in the form of a strip with a plurality of 

5 well insert elements along its length and being a 
single insert element in width. 

7. In combination a microtitre plate moulded 
from a plastics material and providing an array^ of 
individual wells which are arranged in rows and which 

10 open at the top and closed at the bottom, a strip 

of well insert elements moulded from a plastics 
material and arranged to be suspended in respective 
wells of one of said rows, each of said well insert 
elements being open at the top and having a frusto- 

15 conical side wall defining a well which is closed at 
its lower end by an inorganic or polymeric porous 
membrane the periphery of which is sealed with respect 
to. said side wall, the upper ends of said frusto- 
conical side walls being formed integrally with a 

20 support flange which rests on the microtitre plate and 
which covers annular gaps formed between the side walls 
of the wells of the plate and the external surfaces of 
the side walls of the respective welli; insert elements, 
and spacing means for spacing the side walls of the 

25 well insert elements uniformly from the surrounding 
side walls of the respective wells of the plate. 

8. The combination claimed in claim 1, wherein 
the distance between the bottom of each well and the 
underside of the membrane of the insert element 

30 occupying the well is substantially 1mm. 

9. The combination claimed in claim 7 or claim 
8, wherein the internal diameter of the lower end of 
the side wall of each of said well insert elements is 
substantially 3.2mm. 

35 10. The combination claimed in any one of claims 

7 to 9, wherein said spacing means comprises 
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projections formed integrally with the strip and 
engaging the internal surfaces of the side walls of two 
or more of the wells at the upper ends of said side 
walls . 
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